Multilayer ceramic capacitors designed to be embedded in a low temperature co-fired ceramic substrate have been successfully fabricated. Low and high value capacitors were respectively embedded in the low K multilayer substrate and high K dielectric layer. The buried capacitor has a capacitance density range (1 kHz) from about 220 pF/cm to 30 nF/cm 2. The design took material compatibility and shrinkage characteristics specifically into account. The effects of heating rate and peak temperature holding time on the densification of the laminate were studied. The scanning electron micrograph revealed no evident cracking in the fired components. The electrical properties of the buried capacitors such as dissipation factor, insulation resistance and breakdown voltage were studied and found to be good for device application. The temperature dependence of the dissipation factor and coefficient of capacitance for the buried capacitor was also studied.
INTRODUCTION
The current trend in the microelectronics industry is to reduce the overall size of electronic packages. This means that more complex packages have to be made with higher interconnect density, smaller components but with the same or greater reliability. Low temperature co-fired ceramic (LTCC) technology has the ability to integrate passive *Corresponding author. components such as resistors, capacitors and inductors into a monolithic package [1] [2] [3] [4] , thereby freeing valuable circuit surface area for active components. Additional advantages include reducing failure associated with surface mounting and minimising inductance through closer placement of capacitors to the IC. Another benefit, which has evolved to become much more important to EMC engineers, is its ability to reduce high frequency power distribution noise and radiated and/or conducted emissions [5] . powders), the hold time of the peak sintering temperature is a most important factor to get the proper densification of the laminates. Generally, the longer the hold time the denser the fired ceramic becomes. Figure 3 shows the microstructure of fired 951 tape for different hold time of peak sintering temperature. Considering the necessary densification and sintering characteristics of the conductor, the range of hold time from 15 to 20 minutes is appropriate. The firing profile is shown in Figure 4 . After co-firing is completed, the electrical properties and microstructure of the sample are studied.
PERFORMANCE OF BURIED CAPACITORS
The microstructure of the embedded capacitors was studied by
Scanning Electron Microscopy (SEM). Figure 5 shows the micro- Figure 6 . The dissipation factor of the low value capacitor is about 0.5%. For the high value capacitor, dissipation factor is within 1.5% when the temperature is above room temperature. When the temperature drops, the dissipation factor goes up and encounter a turning point at a temperature of about -20C. The dissipation factor has a Maximum of about 6%. The temperature coefficient of capacitance (TCC) for the embedded capacitors is within X7R requirements, which corresponds to within -1-15% of the room temperature capacitance value between -50C and + 125C. 
